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The results are plotted in Figure 2 by verticals raised 
from each amount to the qunntitzy, as indicated by the 
marginal scale, received from it. in 12 seasons. I‘t will 
be noted that amounts from 0.05 inch to 0.70 inch 
per day contribute approximatelp equal quantities to 
the total recipitation. In otsher words, within these 

tional to its quantity. In a. period hzring 30 daj-s of 
0.05 inch preci itation each there will be 10 dags of 0.10 
inch; 5 days o P 0.20 inc.hq 4 daj’s of 0.25 inch, and so on. 
The number of precipitatim days helow 0.05 inch in- 
creases with decreasing quantities but not in the sanic 

Table 2 aiid Fi ure I show that t,he iippcr 

minimum in the Great Plnins and does not. apply to all 

limits the P requeney of precipitation is inversely propor- 

Propor irmt of tion O . i O  inch to which t i is  f relation is limited is the 
. 

stations. At North Platte and at Hays the point at 
which the curve breaks is reached at  1.10 inches, and at 
Washington, D. C., at 1.20 inches. On the other hand, 
the critical point in the curve is reached at 0.30 inch at 
both Moro and Nephi. 

The marked depression in the smoothed curve at  0.60 
inch is due to the fact that some of the stations did not 
receive precipitation in qumtities of 0.59 inch, 0.61 
inch, and 0.G2 inch. 

A4.bovr the critical oiut, which varies wibh the station, 

rapid thnn increase in rluant,i4y, so that the product of 
t.hc nuinher of preci it.ations in a. given time and their 

thr decrease in t,he P requency of precipitations is more 

amnunt is B constmt P y decreasing quantity. 

NOTE ON ATMOSPHERIC HUMIDITY IN THE UNITED STATES. 

By ROBERT DE C. WARD. 
[Harvsrd Uaivmity, rambridge, Mass., Ort. 21, 1922.1 

ReZative humidity.-Atmospheric humidity has many 
important relations to life-human, anima.1, and vegeta- 
ble. It, to a considerah!c degree, nffec,t.s our bodily 
comfort; our feeling of heat or cold. It is one of the 
controlling climatic influences in the growth and devel- 
ment of crops and of d l  forms of plant. life. Bot,h 
directly and mdirectly, it affects many of our activities, 
our industries, our commercial or anization. Relative 

ture in the atmosphere and the amount which could be 
present, without condenr:r‘:;ion, a t  t,he same termpera- 
ture and under the same pressure, is a. direct expression 
of the physical moisture or dryness of climate in rehtioii 
to its temperatures. Rel.i.tive liuiriidity is ti  real :tnd 
definite factor in climate. It is clirectly indicated by 
organic substances. It rr.act.s upon t.hrni. For this 
reason the human hair is commonly used in measuring 
relative humidity in the hair hygrometer. Other or anic 

ma also be used in the same way. The cracking or 

humidi tg is well known. 
eneral system followed by t.he lines of equal 

On the Pacific, hant ic . ,  and Gulf co:ist.s the lines show- a. 
distinct tendency to par~.llel the sew.o:ist. This fea t,urc- 
is most clearly indicated 011 the Pa.cific slope, nnd there 
in t,he warmer months. (2) Oyer the interior plateau 
the lines group themselws in R eiiera.1 ova.1 pattern 

(3) Over the Great Pla.ins lines of equn.1 relative humidity 
lie more or 1-s a.ralle1 \vi tJi tho meridians, especially in 
the cen tra.1 a .n f  southern sections. Tlis eographicnl 

depends on n iiumber of controls. Among these ( 1 )  the 
temperature, (2) t-he direction of t.hc prevailing winds, 
13) the distance tind diw:t,ion of the r:liisf soiirc‘e of 
moisture-sapply, imrl (4) t,i~e topography tire the most 
im ortant. 

{he meridional t.rend I I!’ the relative humidit-y lines 
on the Grec1.t Plains was discovered by Looinis in 1880 in 
connection with his construction of the first, chart of this 
kind for the United Statt+s.’ The data upon which this 
pioneer chart was based relnt.ed to a very few stations 

humidity, i. e., the r h o  between t 5 ie amount of mois- 

substances, such as catgut or certain veget.nble .h ib ers, 

m e  9 ling of woodivork with decrease or increase in rel:i.tive 

relative a umidit is simple. and easily remembered. (1) 

around central or southeni centers o 7 minimum Iiumidity. 

distribution of relative humidity, t,hus brie B -y outlincd. 

The 

-. . - 
1 Elias h m i s :  “Contributions to Mrteorolo j ,  Being Results Derived from 811 

~.:saminatioii 01 the ~~mrvat io i i s  01 the Uuited Qtitea signal Seryice 8Ud ~m Other 
sourres.” Atner. Jorrn. 8ci., 3d ser. vol. 20,1880, pp. 1-21. P1. I. 

hetxeen latitudes 45’ and 30’ N., east of the Rocky 
Mountains, for .Janua.ry, 1S75. Only four lines were 
dr:nvn, riz,  t:hose for 50 per cent, 55 per cent, 60 per 
cent, and 65 per cent, but t,hey were sufficient to indi- 
c.a.t,e that “on the esst side of these (Rocky) mountains 
t,hc?rc is 11. n;i.rrow belt of territory where tslie mean humid- 
ity is less than one-half; and there is a belt at least 400 
miles wide where the mean humidity is less than two- 
thirds; and in advancing eastward we find the humidity 
t.o increase still further.” This distribution is attributed 
to  the fact t,hat in crossing the Sierra Nevada the moisture, 
in t.lic wester1 winds, is “ niost.1 condensed.” ‘‘Bypass- 

t.im of vqmr, so that when the air descends on the eastern 
side of these mountains it is almost destitute of moisture.” 
The 1 7 ~ ~ 0 1  brought from the Gulf of Mexico is diffused 
over t,he central lowlands and mixes with the dry air 
coming across t,he mountains from the west. Hence, in 
Lnoniis’s opinion, the relative humidity must increase 
rapidly from the Rocky Mountains eastward. 

Since Loomis’s first attempt to draw relative humidity 
lines, numerous h te r  charts have been ublished, cover- 

s.nd more complete data.’ 
The most complete discussion and cartographic and 

tabu1a.r presentation of the humidity element in the 

ing over t.he 2 orkv Mountains t { ere is a further condensa- 

ing all months as well as the year, an f; based on more 

* Pre. e. e.. the following: 
Frank Waldo: “Elementarv hkteorology.” B vo. New Tork 1%. I%!. 114 shows 

:Iviwpe atiniiil relsti\-e hnmiilitv in the Unlted Stales. but.no Aatement is made as to 
the source 01 thc chart or the pedod covered by the ohwrvation. 
H. A. I-Iweu: “The Distribution of misture in the Unlted States.’’ Ann. Rlpt. 

Cliicfo Il’rcrthfr Burrair for 189746. 1 to. 
Was~inqtou. D. C.. 1‘497, pp. :;27-.H* pls. VI. 1’11. d i 3 p  V-IX. TheplatariUwtrate 

* ’  w ~ v e s  of nioislure, presaiirr :rud t.emperatura” lor individual +tm; the diagrams show 
Ilurliiations or dewpoint.. of hcwpoint and temprmtiue, and diurnal range of moasture. 

IJrsnk 11. BiprClOW: ‘*The Vapor Ten?ion on the Sea Level, the ‘1 joofoot and the 
l:l,ipnLfool pmer.” .4?1n. RrZ.  Citfrfo! Wdhrr  Rtsrm~rfor IMi-Ih~. I to. Wa41- 
in! : o ~ ,  D. ‘ .. 1 ~ 0 2 .  \-ol. 11, pp. 420-427.. GIMS monthlr and nnnual chtuts of rela- 
live hiimidilyat s~~~Icvrl..~~~dinnntlilyandsnniialrhart.rn’fuonnsl vapor tensionnt ss+ 
Icvrl and on the:3,:M-fmt.aiid the 10.i)lJfLIoot planer. 

.1 r t n r r e l  Rrprln/ l lrr  Pl+fo]tbr  11idhm Burmujtw lNl-(J2. I t.o. Witshington. D.C. 
l!V, I ~ I .  ::17-.Kii. Tllrrc rhwis of normi: rclnliw Ii:imidity lor .l%uiiary, .luly and the 
w i r ,  hahe4 nu rh1.a cnwring varying teriods ol  time. from 4 to 1 I years. Dadgiven in 
i i i l l : w .  NO uuttior‘s nmne civen, m i n o  disrussion. 

W. 13. SrorJimm: “Teni erofurc oud Relative Ifumidity D3t.s.” 

I!l.cd :. 11e;iry: ”Climntolopy ofilie United Stslcr.” 

L: S. H’eatirer 
I:rrrtna. I l c i l l d i e  f ) .  .I to. keshiugton. D. C.. 1%~;. Pp. 1. 

I.: S. Il’rolltrr BurmuBullcfin. 
I ?  I IO. \\‘ashin~~~on 1D.C.. 19Grj. p. 81. TablPV11I.pp. lO~-liKi, containsthemonthly 
iiie:iu valuer or h ~ l i k  humidity fur s a. m. ond s p. m., seventy-fifth meridian time, 
lor a uumhc: o I  selccted stations. 
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United States, based on the latest and most reliable 
data, is that of Preston C. Day, Chief of the C h a t o -  
lo icd Divisioii of the Weather Bureau? . 

%ith the exception of one set of ma s all the charts 

publication on humidity in the United States, the section 
on Precipitation. mid Humiditg of the Atlna qf Arn~r imn.  
AsgricziZtihc.L Til the A4tZrrs the charts are on a snialler 
sc.ale, ant1 reproduced in colors, and n somewhat. different 
selection of st.3t.ions is marle for purposes of illust~r~~t~ing, 
by means of Climes, the silniin.1 mn.rch of liiiinidit~y and 
va or pressure.e 

ft is imposf,ible to show t,he tlistrihution of relative 
humidit,v over the United States satisfactorily niid accu- 
rately by mealis of charts showing the mean monthly 
values, as can be done in the case of teriiperature OF of 
rainfall. The most extensive series of observations 
available for about 300 regular Weather Bureau stations 
cover the period 1SSS-1913, and relate to S a. m. and 8 
p. m., 75th meridian t.hiie (figs. 91-98, in 14t2ns). Rut the 
mean of such twice-daily observation does not dways 
give the true daily mean, and the data are not strictly 
comparable for all parts of the countr because of the 

made, 8 a. m., 75th meridian time being 5 a. m. Pacific 
time. 

To the west of t-he Rocky Mountains the 8 a. m. readings 
are found to approach the maximum for the day, and 
the 8 p. m. npproach the minimum, the average of the 
two bemg close to the 24-hour mean. In  the east, how- 
ever, the 8 a. m. observations give values considerably 
higher than the dail means, and those for 8 p. m. are 
a preciably lower. k i t h  progress westward, owing to 
t % e earlier'losrtl time, the departures from the daily means 
become increasingly greater. The only extensive series 
of observations made at the same hour of local tinie 
(2 p. m.) covers t,he 5-year period, 1876-1880, for about 
90 stations (fi s. 85-58, in the A t h ,  show the average 
relative humifity at  2 . in., local time, for Janu 
April, July, and OctoberP. But the period is short, t 
observations were not as carefully made as at present, 
and the psychometric tables there used were not as 
accurate those nom em loyecl. Heme t-he data are 

for longer periods and for later years. It is pointed out 
that the 2 p. m. average relative humidity IS not very 
different from t-he average minimum for the 24-hour 
period, t,he minimum, however, usual1 coming later than 
2 p. m. and being x little lower. & is only in recent 
years that hygrograph records have been available for 

included in Day's iiionogrnph a.re to be P ound in the latest 

d8erenc.e in local time at  which the o SI seivations were 

Y 
not considered to be direct P y comparable with averages 

a Preston C. Dav: * *  Relatlre Humidities and VatJor Pressures over the Unitod Statos. 

lime ( .  e iod l&Si-lW, incliisiv6j: !or J6nu.!ry. ADril. .luIy,yI! ilctober at 2 p. m.. 
ma1 &I: ( erlod 1F7G15sll inrlusivcl: '%vcxye iiniinum re1.b' , e  htuuiditv for April 
uly, and 8ctober (.:ompu&d fim the. me: n vapor pressure ct II p. m., i5th meridiai 

time, and saturation pressure for the m e a  tlaiiy masimum temrmaturej. The diurnal 
and annual vari61iot~ P.W shown by curvcs Io; se:e..led >!ations m i  (or different SBBS'J~S. 
There are also charts shoiring the n v r x y  dep:ession of rhe wet bulb at the time of the 
dAly maximum tempmture lor April, du~y, and Ortober. Thwe a:e to Ix! discussed by 
the wite? in 3 later artirle. Thc abaoIi!l.b humidity chsrls me couside'ed :it the end 
of the present p%p~f.  The set of "Climstir C!!Q:!.- of the United Siates plllilkhPd h t.hr 
Wcither Ihi;eau, ii.dgdes Iour charts sho;: inr! liues of e u -1 nlenn hal ive Iiumhity 
lor ha. m. anda ). m lath mciidhn time fcr ianusry and ?&. The ohserrslioxs used 
were those mde 8t';emulor \Ven!hc: R ~ c ~ u  ststions during the 5;-ycsr 1w.iod InSQ- 
1Wi. inclusi?Te, thk ceriod kin:! the xmir .RS that io Da+ vhrl .%. 

4 Those for 3 ant1 . I  p. n;. b: Jmwry lpril, Jlil:;. anh r:ctober. 
*Atlas o l  American Agrlc-uZIurr. I & p i r d  under the supervision 01 0. E. Baker 

Apriculturkt. Part 11, Cllmte. Contribution from the 11. 5. \Venther Bureau: 
Charles F. Marvin. Chiel. Seetion A 1 rI-:inc*e She& No. 5. Prtrfpil.rtion und 1iunt;d- 
if* Prepared under ttie direcricn 0'1 K). L'. I > R ~ .   tologi lo gist. hg J., 13. Iiinver. 101. 
d h g t o n ,  D. C., 1922 pp. 45-17; figs. S l G ! ; .  Time chxrts Sh6\\lDg the arerage 
dqmsion of the wet-bulb temper!trwe :it,tl?e t m e  of minimum relative humidity in 
April, July, and October will he d l m s e d  in a h t w  paper by the present writer. 

6 Compare Dsy'sflgs. 1-3 with flg. S9 01 the i l t ios  section. 

some Weather Bureau stations. With these exceptions, 
no direct observations of the daily minimum relative 

dail? minimum relative humidit has been computed ? or 
humidity have been made. 

meridian time, vapor pressure, nnrl the satuurataion pres- 
sure corresponding to the average daily mrurimum tem- 
perature (figs. 98-101, 9tZm). The lowest average daily 
ininknuni relat,ive humidity is shown to be less than 15 
pcr cen t! in sont.hern Arizona, sout,hwestern New Mexico, 
and estreme southwestern Tesas in .-4pril. In July, as 
inost of the Sout,hern Platesu has less than 20 per cent, 
the highest, values for the average minimum relative 
hiiinidity :me mer 'io per rent on t,he extreme northwest- 
ern const of Washington and at  Cape Hatteras in July 
and in Oct.ober, and over the eastern part of Cape Cod 
in O~tober .~  

The essential facts re arding the geo aphical dis- 
tribution of mean annu3 relative humigty over the 
United States are shown in Figures 1 4 .  These are. 
redrawn from the corresponding charts in the Atlas 
of - Ame&a.n _-. dgricultu.re, section on Precipitation and 

For thls reason the aver 

April, July, and October from t i e average 8 p. m., 75th 

H vmidity. 
A belt of uniformlv high relative humiditv donrr the 

coasts averages aboiit 75-80 per cent, and at c&tain 
seasons even exceeds 90 per cent on the North PacSc 
coast. This belt, from which there is a well-marked 
decrease inland, is in strikin contrast with the far 

Mountains, where the mean annual values are 50 per 
cent and even lower over arts of Nevada, Utah, Arizona, 

humidities on the coast remain fairly constant throughout 
the year. The minima in the Great Basin, on the other 
hand, become distinctly more marked during the hot 
summers of that region, reachin 30 per cent and even 

This seasonal chan e is clearly indicated in the annual 

travel northward as summer comes on, reach their 
northernmost limits in June or July, and then return 
southward again. Some of them even disappear entirely 
from the. map in winter. Another strilung effect of 
this seasonal variation is seen in the marked +crease 
in summer of the relative humidity gradient between 
the dam southern Pacific coast and the interior deserts, 

Most of the eastern United States, inland from the 
coast and east of the Great Plains, runs about 70 to 75 
per cent, with not very much seasonal variation. The 
plateau districts avera e, as a whole, some 10 to 20 

er cent lower, with t f e seasonal changes just noted. 
$he Plains are intermediate between the dam er 
eastern and the drier southwestern sections. *he 
distortion of the lines in the vicinity of the Great Lakes 
shows that these large bodies of water have similar 
effects to those of the oceans in increasing the relative 
humidity (75-80 per cent). This effect can be seen 
where stations on the lee side of one of the Lakes are 
compared with others on the windward side. Thus, 
Grand Haven, Mich., has a mean annual relative humidity 
of 78 er cent. Milwaukee, Wis., on the opposite shore 
of Laze Michi an, has 75 per cent. Davenport, Iowa, 

southwestern interior, in the k ee of the Sierra Nevada 

New Mexico, and sout t eastern Cdifornia. The high 

20 per cent over the districts o B most extreme aridity. 

migration of the 7 ines of relative humidity. These 

east of t K e mountains. 

and St. Paul, b 9 inn., farther west, have 73 per cent.s 
7 The vAurs lor Janusry were not computed. becmse of (1) the large temperature 

8 C. H. fishkinan: ll'Iiinstic%,ffect 01 the Great Lakes as Typiflcd at Grand Ilsvm, 
vsrinbilitv and (2) the lraiiienr of temneratures below frcezine. 
S1ir.h." Jlrt. Chart rfiht. Grr'ut LaJay (t'. S. Weather Eumu), Sept. 1913. 
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Fm. Y.-July average relatlve hilmidity, 8 a. m., 75th meridlon time. 

FIQ. &-July averagerelativo humidity, 8 y. m., 75th meridian time. 
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Another 

windward and the 
out by Day in the 
In  the cases of both 
Pikes Peak, Colo., the 
are continuously high. 
tains the humidities are comparatively low, the obvious 
result of loss of moisture in the air passing over the 
mountains and of the decrease in humidity due to 
adiabatic warming of the air descending on the leeward 
side. Hence hi h relative humidities are to be expected 

fow values on the lee sides. These conditions are seen 
over the eastern sections of Colorado and W oming on 

just east of the A palachians. 

is, as a general rule, hi hest when the tem erature is 

curves when plotted together are directly t%e opposite 
of one another. april is enerally the month of lowest 

of the country the highest relative humidities come in 
the colder months. In  the southeast they may occur in 
late summer or early autumn. Elevated areas, as n 
rule, have comparatively high values without large 
seasonal and diurnial variations. 

In  his descri tion of the climatology of the United 

England than in western Europe in districta of similar 
mean annual temperatures, a point first emphasized b 

of the prevalence of offshore (NW.) winds in New Eng- 
land in winter. I n  summer, the prevailin0 winds are 
also offshore (SW., W.) and are much drier tEm those of 
Europe. Again, the annual variation of relative 
humidity and cloudiness, with a winter minimum and a 
summer maximum, found in the eastern c o s t  of Asia, is 
not characteristic of the eastern coast of the United 
States. The prevailing winter offshore winds in the 
North American Atlantic coast are less emphatic and 
less regular than those of eastern Asia, bei 
interrupted by damp easterly cyclonic indra ts from the 
ocean. 

Absolute humidity.-The actual amount of water vapor 
in the air is known as the absolute humidity. It is 
usually expressed in decimals of inches of pressure, and 
is then known as vapor pressure. Another waj- of 
expressing it is to give the actual weight of the moisture 

resent in the ak as so many grains in a cubic foot. 
81imaticdy considered, absolute is not as significant as 
relative humidity, for cliinates which are dstinctly to 
be classed as “dry” may have as much moisture present 
in their atmosphere as is found in “moist” clunates. 
Desert air is thus often absolute1 moister than the air 
in a much damper re ion. On J e  other hand, as the 

importance in industrial and in ewneering undertakings, 
the data of va or ressure are m mtpy cases pf real 
significance ant! vake  and need consideration in any 

enerally on t f e windward sides of mountains and 

the winter charts and also less clearly in t E e district 

I n  both annua P and diurnal periods relative humidity 

lowest and lowest when t f e temperature is him R est. The 

relative humidit east of t f e Rocky Mountains, while to 
the west the mi B summer months are driest. Over most 

States Hann re P ers to the fact that the air is drier in New 

Desor.’O This lower humidity is explained as the resu T t 

Y 

actual vapor content o B the air is frequently of considerable 

@ P. C. Dsv. lnc. cill. 11-10. - - . - - . ___. _.. 
10 J. Hann: “Handb&-der Kliiatolo e.” 3d ed. R vo. Btuttgart 1911. voi. 3, 

DD. 183-184) that bemuse of t l u s  con&tlon f m t u r e  made in Europe does not hold 
pp. 3 M .  Degor pointed outjn 1852,(&oe. BO& SDC. Naf.  Ha.. vd. 4.1851-18.54 

complete description of climate. It is because of the 
greater meteorological, climatic, and hysiological interest 

of absolute humic& has hitherto received the least 
attention.11 

Recently, however, Day, in the re ort above referred 
to, has given attention to the distri uti011 of absolute 
humidity, both in space and in time.?a 

In the new section on Precipitation and Humidity of 
the Atlas of American Aqricuhre charts and curves of 
absolute humidity are also included.Is 

Figures 5 and 6 redrawn from the Atlas, show the dis- 
tribution of absolute humidity over the United States in 
January and in July. 

Temperature is the chief control of absolute humidity. 
Therefore the lines of e ual vapor pressure closely follow 

distance from large bodies of wnter, the wind direction, 
whether i t  be from or towarcl those sources of supply of 
vapor, and the intervening to ography. In  midsummer 

from 2 to 4 times as large as in midwinter (c.ompare figs. 
5 and 6 ) ?  the seasonal curve of vapor pressure as a rule 
closely following that of the t.emperature. In  January 
(fig. 51, with the esception of the warm Gulf coasts, t.he 
absolute 1iumidit.y is low, mainly hec:nise of the cold. 
In  fact, i t  is about the same as that over the interior 
plateau in midsunlmer (fig. 6 ) .  The estremej are 0.05 
inch in Nort,li Dakota, in a district of great cold, and 0.55 
inch in Florida, where t.he temperatures are highest. 
From the distrrict of minimum moisture t,liere is an in- 
crease in all directions, roughly in report-ion to the in- 
creasing temperatures. In  July ( R g. G) t.he Gulf coast 
again has the maximum (about 0.85 inch), while the 
minimum (0.25 inch) has shifted from the northern 
Plains to the interior Western Plateau district. There is, 
therefore, again a close conformity ti, the distribution of 
temperature: an increase fmni north to south, as there 
is an increase froin winter to summer. In southwestern 
Arizona, a dry desert climate? there is nctuallp more 
moisture in the air in midsummer tslian there is in the 
moist climates around the Great Lakes. In  the first-named 
district, however, the high summer temperatures and the 
result.ing large capacity of the air for water vapor result 
in a low relative humidity, and the air is therefore dry. 
In  the vicinity of the Great Lakes, on the other hand, 
with lower t,em eratures, the relatire humidity is much 
higher than in &zona, and the air is therefore relatively 
moist. 

in relative humidit that the distri I! ution and variation 

the isotherms. Other ’i ess important controls are the 

the amount of moist-ure in t r le atmosphere is generally 

11 Sea e. g. H. H C. Dunwoodv: “Absolute Humidity and Mean Cloudiness in the 
United S& rep&nted by Tables and Chrts.” Ann. Rcpt. C/ifej Slgnal Oficcrcr/or 
1884. I vo. Wa4hIn on D. C. 1W.L Appendix 9 pp 12*120 Containa four charla 
of the seawnal &trl&ldn of absolute humidity in+= per fubic foot, based upon 
the obaarvations of 1@3 at regular Signal Srrvlce statim. 

F. H. Bigeiow: he. eft.. footnotc 2. 
A. W. Qreelv: “Amcrican Weather.” S vo. New York 1W3. Chap. V (Humidlty 

and Evaporath) contains Charts XVIII and XIX ahowlkg mcan absolute humidity 
in&&yd;bic loot for January and July;,based 011 data for 1576-1S5. 

: “Elementary Meteorology. 8 vo. New York, 1W. Figs. 112, 113. 
The same charts as thoso of Ceued Greely, Just referred to. 

ow’ “Report on the Temperatures and Va nr tensions d the United 
States, redice%% a’Homogeneous System of 21 Hourly O&ervations for the &year 
Intervsl1873-lsM.” 

P. C. Day: Loc dt. Text, pp. 10-12’ c h a r t 3  27-34; figs. 1 4 .  The rharts show the 
averaga wpor pressure in inches at 8 a. m’. and 8 
A H ,  Jul and Octobm (with the mespondpng Isotherms) The figures show t f  
ly~nuel a&diumal march ol vapor pmtire at several sd& stations and the rstlop 
d the mean w or pressures et 8 a. m. and 8 p. m.. 75th meridian time, to their bihourly 
m- for d s h m d a r d  time at three statim. 

Frank H B 

i7.8. ’Wraibrr Bureau Bulldin 8. 4 to. Washington, D. C., 1908. p. 302. 

m., 75th meridian time, for Januar 

u k. d., footn&r. Twohsrts (@. 15,106 show the average vapor ressm in 
inches for Jrnuary and July based on the mean of h, 8 a. m. and 8 p m. Ut& merldirn 
time) wpor jmsured as ob’ervd at about 200 rewlar Weather R& stations. Them 
means don dit?= much from the %hour averwe. Fig. S9 shows. for selected statim. _ _  

together well In New England. the ly~nual march of vapor pressure. See also text, p. G 
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FIQ. &-July average vapor pressure, in inches. 



NOVEMBER, 1929. 

corpus CMsti .......................................... 
Galveston .............................................. 
PortArthur ............................................ 

MONTHLY WEATHER REVIEW. 

June. July. August. 
-~ I- 

IS 2 13.3 
11.1 
9.2 7.7 7.1 

-___ 

581 

The diurnal variations in absolute humidity are chiefly 

source of su ply of water va or and any loss that takes 

rocesses bein largely under the control of temperature. 

variations which depend upon permanent local coiidi- 

dependent upon local conditions of eva oration from bmima usual k y come a t  night, while maxima generally 
moist surfaces, and upon the balance \ etween that 

place throug !il condensation s ew, frost, etc.), all of these 

occur by day. All the interacting controls are subject to 

tions aiid upon temporary weather types. 

CAUSE OF THE ACCELERATED SEA BREEZE OVER CORPUS CHRISTI, TEX. 
By JOSEPH P. MCAULIFFE, Meteorologist. 

[Weather Bureau, Corpus Christi, Tex., Sept. 12,1922.1 

SYNOPBLB. 

The wa breeze at Corpu Chrhti attains unusually high velocities, 
becoming a fresh to strong southesst wind in the afternoon during 
summer. The same character of breeze is not to be found on 
either the northern or extreme southern Tesaa coaet. The cause of 
this unusual WE breeze at this point is explained by reason of the topog- 
raphy of the hinterland of Corpus Chri6t.i and the contour of the comt 
line. 

It has been established by observations esteiiding 
over a period of 35 years and by comparison of average 
wind velocities on different parts of the Tesas comt 
that the sea breeze attains unusually high velocities at 
Corpus Christi and its vicinity. This sea breeze comes 
from the southeast, usudlp begins after 8 a. m. and con- 
tinues with increasing velocity during t.he clay, fre- 
quently continuing a? a moderate breeze th~oughoub the 
night, but usually diminishin after midnight. It has 
an average velocity of 13 mifes er hour at  10 a. in., 

hour at 5 p. m., the time of its niaximuin force. By 
comparison with Galveston and Port Arthur it is readily 
seen that the sea breeze at Corpus Clwisti far surpasses 
the daily wind movement on the northern Tesas coast. 
Companson with places south of Corpus Christi has been 
impossible because of lack of data, but it is certain that 
no such wind velocities occur on the south Tesas coast 
as those found near Corpus Christi. 

While the aver e velocity of this breeze is remarkable, 

attained are even more striking. Mtxximuin velocities of 
20 to 30 miles per hour, and sometinies higher, are 
frequent, due to nothing more than the natural flow of 
sea air landward. When accelerated by areas of low 
ressure in the interior, greater velocities are experienced. 

!he regularity of this sea breeze is J s o  remarkable; it 
is only during cloudy weather that i t  fails to be a fresh 
breeze. 

tables show the avera e hourly veloci- 

ing the three sunnier months of June: July, and August, 
and the average velocities at  10 a. ni. and 5 p. m., the 
hours when the sea breeze has its average and masimum 
velocities, respectively. 

TABLE l.-A.verage hourly u$nd celoeity (nrdes per hw). 

when it usually becomes noticeah, P and 19 miles per 

especially during Yl t e afternoon hours, the actual niasiim 

The followin 
ties at  Corpus %histi, Galveston, and 5 ort Arthur dur- 

110a.m. [ 5p.m. I1oa.m. 1 5 p . m .  I10a.m. I 5 p . m .  

usCMs ti .......... 19 

10 
Q veston .............. 
Port Arthur. ........... 9 

I I I I 

Period d observations in the above tables: For Corpus Chriati and Qrlvertan, 191141, 
IIUAWIW; for P a t  brthur, 19174, Ineludve. 

Tannehill' has shown that this high average wind 
velocity durin the hottest part of the day in summer 

the continual movement of sea air landward with such 
great Velocities preventing the formation of convectional 
thunderstorms upon which the summer rainfall mainly 
depends. It may be interesting to state that where this 
sea breeze begins to lessen, some 30 or 30 miles inland, 
thunderstorms are much more frequent than on the im- 
mediate coast. In  the western art of Nueces County, 

tively frequent durin the summer months, and the 

Corpus Christi, ancl often thunder is heard, while clear 
skies are revalent at  the last-named place. Sometimes 

western art of the country while no rain falls on the 
coast. 8 is by no means an uncommon sight to see the 
air above Corpus Christi Bay perfectly clear, while con- 
vectional clouds completely cover the sky north and west 
of the station. 

There are two causes for the increased sea breeze at  
Corpus Christi, viz: 

1. The topography of the hinterland of C 
Christi-a treeless plain, rising gradually and devoi 'Ol-gW of 
marshes. 

3. The contour of the coast line at  this point allowing 
the ocean air to reach the shore practically unimpeded. 

Regnrdin the first cause of the abnortnd sea breeze: 
To the nortt. west, and northwest of Corpus Cliristi lies 
a level rairie country, prncticallv treeless, excepting 
scatterecf patches of mesquite. This plain increases 

adually in elevation to the hilly country fartaher north. E the immediate vicinity of Corpus Christi for probably 
30 miles inland is an ideal prairie land, about one-third 
under cultivation. There are no marshes in the ricinity. 

When the suds rays fall upon this plain it is heated 
abnormally, and there being no forests or marshes to 
absorb the heat or prevent its rapid radiation the natural 
consequence is an abnormal heating of the air immedi- 
ately above. Isobaric surfaces are therefore unduly 
elevated, consequently the coo1e.r ocean air flows in toward 
this area of barometric depression with 
and of c o m e  the overflowing air from alo t assists in the 
circulation. On clear days the hare soil becomes so 
heated that this sea breeze continues f a r  into the night, 
even after the time for the usual land breeze to begin. 
It is only on nights following days when the sea breeze 
has been usually weak that the typical land breeze asserts 
ibelf. 

Regarding the second cause, which is of less im ort- 
ance: The curve in the coast line at  Corpus Christi a fl ows 
the southeast wind to strike the shore a t  such an angle 
that it meets with ractically no resistance from a land 

the coast. It therefore comes 
over Corpus Christi mth  practicall the same velocity 
that it has on the open ocean. 81 the south of ths 
point the coast line is such that the east wind meets with 

accounts for t B e deficient rainfall found on this coast, 

near Robstown and Bishop, t K understorms are rela- 

formation of the thun d er clouds can be plainly seen from 

for severa P days in succession thunderstorms occur in the 

rat freedom, 

surface before reaciing P 

1 I. R. TannehUl: "Wind Velocity and Rain Frequency on the South Texan Coast;' 
YO. WEATEE8 REV., SeptWlber, 1!3!21. 


